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Inorganic Particles of Agricultural Origin

by Kingsley Kay*

Substantial quantities of mineral silicates are used as carriers for agricultural pest control
agents. Most of this material is applied by air dissemination, either dry or as a droplet spray.
Therefore, pulmonary and gastric deposition of the mineral csarriers (and active agents) will
occur among pesticide application personnel and some proportion of'the general population in
the vicinity of pest control operations-to the extent that particle size of the disseminated mate-
rial is below the critical 5Mm respirable diameter. Furthermore,. ingestion of particulates de-
posited on foodVcrops may be expected a's well as mineral' finding its way into drinking water
supplies. It has been found that the silicates widely used in America can contain three forms of
asbestos, anthophyllite, tremolite, an'd chrysolite. Of these, anthophyllite and chrysotile have
been found associated with a neoplastic outcome after many years of exposure. It is therefore
proposed that comprehensive mineralogical investigation of pesticide carriers is warranted, in-
cluding epideminological and clinical study of formulation and application personnel as well a's
exposed nonoccupational populations.

This paper is based upon an appraisal of the
possible oc'cupational cancer risks of pesticide
workers published previously (1).

It is the purpose of the paper to speculate on
the potential health impact of the substantial
quantities of inorganic particles disseminated
into the environment by agricultural pest con-
trol with dry carriers.
Table 1 shows data published in the annual

U.S. pesticide reviews for the years 1965-1969
and covers the poundages of various mineral
silicates produced for use as dry carriers of ac-
tive pesticidal chemicals. The data were in-
cluded in (1) to direct attention, for the first
time, to the potentially high pulmonary loading
and possible cancer risk from these mineral
silicates on which pesticides are dispersed.

Table 1 shows that in 1969, about 374,000,000
lb of Fuller's earth, 107,000,000 lb of talc and soap-
stone, 55,000,000 lb of pyrophyllite, 51,000,000
lb of kaolin, and 4,000,000 lbs of bentonite were
produced. Figures for fireclay and stoneware
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clay have not been available since 1965, when
production was reported as 13,000,000 lb.

It is the combined total of talc, soapstone, and
pyrophyllite, at roughly 160,000,000 lb, which
holds the potential cancer risk, for it is known
that these minerals can contain asbestos as
anthophyllite, tremolite, and chrysotile. As long
ago as 1942, Schultz and Williams (2) reported
tremolite content of. such material as running to
80%. However, asbestos content of trade
preparations of pesticides on mineral carriers
has apparently not been explored, nor has the
cancer experience of the applicators of these
substantial quantities of material.

In support of the speculations of this paper it
is perhaps pertinent to emphasize that Selikoff
et al. (3, 4) established the pulmonary car-
cinogenicity of asbestos in combination with
cigarette smoking, from analysis of causes of
death in a statistically secure cohort of workers
handling the mineral. It was found that an ex-
cessive incidence of pulmonary neoplasms oc-
curred after more than 20 years of exposure.
Furthermore, gastrointestinal cancer rates were
elevated among both cigarette and noncigarette
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Table 1. U.S. production of pesticide vehicles, dry carriers, and diluents (1965-1969).a

Mineral silicates, lb x 10-3

Petroleum oil, Talc and Fireclay, stoneware
Year 103 gal Fuller's earth soapstone Pyrophyllite Kaolin Bentonite clay

1965 20,454 276,870 77,682 58,160 26,028 12,980 13,130
1966 20,118 379,516 72,898 50,898 48,202 13,954 Not available
1967 18,396 361,000 81,518 55,196 25,288 20,684 Not available
1968 9,282 296,404 77,478 Not available 19,910 9,642 Not available
1969 12,180 374,852 107,444 55,200 50,854 4,398 Not available

a USDA data (19).

smoking workers. Additionally, pleural and
peritoneal mesotheliomas, ordinarily of rarest
occurrence, appeared to be asbestos-associated
even in nonsmoking asbestos workers.
Mesotheliomas have also been found in persons
briefly or intermittently exposed, as for in-
stance those living in households of asbestos
workers or within a short distance from
asbestos plants (5, 6). It is perhaps directly
significant to the dry carrier exposure of
pesticide workers that Kleinfeld et al. (7)
reported lung neoplasms in a small sample of
talc mining and processing personnel at greater
than expected levels, presumably due to the
asbestos content of the talcs. The majority of
the respiratory tract cancers were later found to
occur in the workers exposed 15 to 24 years (8).
On the other hand, a recent study of the mortali-
ty to the end of 1968 of 1030 workers who had
started work between 1936 and 1966 in an
anthophyllite asbestos factory in Finland (9)
showed that there was an excess mortality ac-
counted for in part by cancer of the lung,
bronchi, and trachea. The experience of this
large cohort suggests that at least the
anthophyllite exposure of pesticide workers
may eventualize in a neoplastic outcome.
Asbestos aside, it was reported in 1972 (10)

that mesotheliomas occur in rats exposed to ex-
tremely fine glass fiber. Also, Pott and
Friedrichs (11) evaluated the carcinogenicity of
a number of minerals by intraperitoneal injec-
tion into experimental animals last year and
found that both fibrous glass and nemalite
[fibrous Mg(OH)2] induced abdominal tumors.
Thus, the pulmonary load and perhaps also the
gastrointestinal load produced by pest control
with fibrous but non-asbestos-containing

minerals may turn out to be carcinogenic or
cocarcinogenic.
According to the U.S. Department of

Agriculture (12), roughly 85% of all pesticides
are applied by air dissemination. Therefore,
pulmonary and gastric deposition of the mineral
carriers will occur widely among pesticide
application personnel, as well as among some
yet unknown proportion of the nonoccupational
population in the general area around pest con-
trol operations. Of course, the particle size of the
mineral carriers and the droplet size when
water is used as diluent will influence the
amount of the minerals deposited in the lung
and ultimately the gastrointestinal tract.

It may also be important that in 1967, Win-
dom et al. (13) found talc around 1% by weight
in a series of atmospheric dust samples. These
investigators attributed the source' to local
agricultural use.
The entry of pesticide-bearing mineral par-

ticles into the body, as related to agricultural
pest control, is not limited to inhalation of air-
borne material. For instance, it is obvious that
some proportion of the mineral carriers will be
deposited on the crops being protected against
pests and will ultimately be ingested in food.
Also there will be ingestion from drinking water
supplies into which the air-disseminated
minerals may eventually find their way.

Since this has been stated to be a speculative
paper, I would like to draw attention to a report
recently published by Elespuru and Lijinsky
(14) on the production of carcinogenic
nitrosamines from a combination of nitrites
with some alkylureas and alkylcarbamic acids
used as pesticides. Additionally it suggests itself
that as asbestos and benzo[a]pyrene are cocar-
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cinogenic, at least in experimental animals (15),
asbestos and nitrosamines may also be. The role
of asbestos or other mineral particles as cocar-
cinogens or carcinogen carriers has never been
fully explored but it is the experience of some in-
vestigators that production of pulmonary car-
cinogenesis by benzo[a]pyrene in laboratory
animals is facilitated when the chemical is
carried on particulates such as ferric oxide (16)
or in colloidal droplets (17). However,
nitrosamines, produced by the interaction of
agriculturally ubiquitous nitrites and
alkylureas or alkylcarbamic acids, may find
their own way to the lung and gastrointestinal
tract of exposed persons and be damaging, but it
may ultimately be found that their contact with
body organs is enhanced by an association with
mineral particulates that also originate from
related pest control.

Finally, attention is directed to a 1967 paper
by Zolov et al. (18) in which asbestosis among
Bulgarian agricultural workers is attributed to
asbestos-containing soil constituents
characteristic of a geological area that sup-
ported adjacent asbestos mining. This suggests
that the working of some surface soils for
agricultural purposes will also spread asbestos
into the environment.
In conclusion, it seems reasonable to

speculate that the dissemination of vast quan-
tities of talc, soapstone, and anthophyllite each
year in the United States may create a cancer
risk, at least locally where pest control is carried
out. Whether such is the case could of course
only be established by examining trade
preparations of pesticides for asbestos content
by sampling related air, water, and agricultural
products and by assembling cohorts of
applicators and locally exposed nonoccupational
persons for assessment in regard to cancer ex-
perience.
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